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months January—April, and September—December, 1892 
The observations were extended to include P. Pfordti of the 
gardeners. The temperature varied between 16 and 35 ^ 

It is of interest to note that both of these forms exhibited 
marked nutation of the terminal internodes of the stem, since 
in the species examined by Darwin such was found to be the 
case only in P. gracilis. 3 

This circumnutation of the tendril and the internode bearing 
it begins when both are quite rudimentary(fig. 3 )- These move¬ 
ments with the individual movements of the yet immature in- 
ternodes below combine to sweep the tendril through a laf" 
space during its period of greatest activity, thereby great? 
increasing the probability of coming in contact with someoW 


ject which may serve as a support. 


While this correlation u 


an obvious advantage, yet it must be borne in 


m 


ind that 


nearly half the time the tendril is waving through the airvu^ 
its non-sensitive surface forward, and hence could not grasp 
a support should it meet one. It is not necessary to suppose 
however, that the tendril has reached the stage of thehig 01 
possible usefulness to the plant. , rf 

When the moving tendril, after it has attained a lengt* ^ 
tfHH|Hbrincrs its sensitive surface in contact with an 0 > 

formed at the point® 


4 or 5 0 '", ■ 
which acts 


as 


a stimulus, a curve is 




contact in a time varying from 30 seconds to 2 minutes. 


this happen in the early stages of growth, the curve is 
the tissues are weak, and the tendril is dragged past ° r a ^ 
from the support. Should the tendril have reached 
proximately mature stage, the curve will be forme*, n 
rapidly, and the strengthened tissues hold the hook form 6 ^ 
to it, and curve still further around the object. 


fit* 


a rigid pole with a rattan cane, the curve formed W1 . 
ilar to that of the young tendril, and if we strike t * ^ 
with a rope one end swinging free, the curve of t e 

tendril will be obtained. ^ 

In this connection it was thought important to note 
extent the tendril would respond to various kinds 0 = ^ 
Drops of water at ordinary temperature thrown elt ^ 11 ^ v ^uf r - 
\y or forcefully against the tendrils produced no 


ly or torcetully against the tendrils produced “y ‘j 11 
The contact of the ordinary metallic salts acted sinii a .^ , f j 
if the tendril were submerged in these liquids t e 


submerged 


these liquids 


osmotic action quickly caused curves. 


Climbing Plants, p. 153. Vines: Phys. of Plants, p. 4 St> - 
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The contact of mercury was without effect, 5 but if the 

meniscus of a vessel of mercury be brought forcibly against the 
tendril, distinct curvatures resulted. 

With solids, however, it was found that it would respond 
to a contact as- light as that made by a piece of no. 40 cotton 

, , • r in length. The results of contacts from objects 

woods ’ me tals, stones, fibres, parts of its 


own and 


.1 . y hum pai I.'? v_Jl UU 11 ctilLi 

oJier plants were practically alike, and the rapidity and amount 
r ^ 0nse e P en ded altogether upon the force of impact and 

y «® £he surface rather than the composition of the 
sti * * k ° extended experiments were made with electrical 

f rom a Lecla^'ch WCre °^ > ^ :a ^ nec ^ b y the use of the current 

"ere ralsed^o^^or 6 °* the watcr 111 tbe previous experiment 

Seated to c ntiC° curves wcre produced; or if a small rod 
!rvn-»,i if.. ’ w ere held near the tendril like results fol¬ 


lowed If th at tne tenarn luce results tol- 

atures Cou | k'^I Were in the form of snow or ice no curv- 
tave (rivnn o .. G _ ° ,. ai . ne< ^’ a lthough the hard crystals must 


f romt S hese n hiJh ry a d i StinCt mechan ical contact. The results 
*° their dircrt ° W tem P er ature stimuli are doubtless due 

iinc e in the evnp UCnC f °. n the osmot «c action of the cells, 

^ made to curve W '^h th e heated rod the tendril can 

«to curve backward. 

•• “uich rnat ^ ± _« •« __ 

dioi ca, and also 
when mutually 

° Sal tendril be ^ a sma ^ portion of an ex* 

r, su]ts, an{ j 0n . a ? ac ^ ve tendril a temporary curve 

oth er almost ^f ,Ced that tWO tendr ils brought 

^ did not ahvavs inf^ f ° rmed curves, and the fact that 

-• J interlock was due to the fact that both 


btinocystil 'TobtT w " , t ? ndrils of Bryonia 

tr terlocked. Hisrr' ° U i d no ^ ^ orm curves wnen muti 
,pecies of Passiflnl enera 1Zations can not be extended to 

Cl ^d ten.fr.M u. , ex amined. If a small nnrt- inn n f q n 


against 


*cre 


di 




rapid motion ,« nas due to the fact that both 

past^ Shoulrf directions, and were quickly 

5 Z y coil hLt ten , drils be fixed Uut the 

to 1 tendril has-fk V k tendrds formed a mass of mutual 

one fr 0 **V n its coils the leav t0 grasp and crush in " 
Wof ,ts °wn axil eT ° f lts ovvn bod ^ perhaps the 

use to the 1°" action could not even remotely 

IHl I B| plant ' a nd in view of these facts it is 


M-*. 
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impossible to ascribe to them any great 


degree of selecti't 


intelligence. 


The tendrils can coil in such manner as to fasten to alnwl 
any object except a polished plane surface. If the object U 
a cord ora twig the free end coils around it as in the rope ex¬ 


periment, while the portion between the plant and the s.? 




port is thrown into spiral coils. If a board whose w 
nearly equal the length of the tendril be placed in co 
with it, the tip will hook around the farther edge while al* 
spirals arc formed which lie flat on the surface. 1 hu> i' * 
be seen that the size of the object which may be graspw i 
limited only by the length of the tendril, while it can 
an object however small since the tendril can coil so c.osesf 
as to obliterate the central enclosed space. This adapts# 

was still further shown by the manner in which it fastens tot 

crevices of a brick wall. In doing this the tendril tip 
way into the small surface cavities of the bricks and • ^ 
coils, filling up the cavity in such manner that it cannot* 
dislodged without rupturing the tissues. 


Tendrils thrust into smooth 


glass 


diam^ 


tubes 2 mm in 

formed curves throughout their entire length, while tin. ^ 
flexible tip formed a solid spiral completely filling up th 1 - ^ 
of the tube. It required a force of io-20‘‘*to dislodge - 
tendrils. Still others placed in tubes scarcely lnq/f 

themselves could not be withdrawn without breaking ore 

ingi the tube. * _ _ : ; 

If a tendril during its period of irritability does not ^_ 
in contact with any object reacting as a stimulus, ^ r 
completing its growth, slowly form into a continuous n» 

left handed irregular spiral. 

Should the tendril grasp some object with a P 0 ^ 1 ^ 
tip, the portion in contact with 




of* 


the object grows 

forces its tip 



in contact, as a j* - 


length and by its manner of curvature iuh.'--- — • gp 
around the object if it is not too large, and at the 

increases the thickness of the part —.- * c; 

fcsult of the pressure. The tendril may grasp an o ^ .* 
time during its period of activity, but the part be ' . 
support and base will not form spirals until it ha> j 1 ^ 
maturity, which is from a few hours to two dnv^ a 
TOC immediate cause of coiling is the inequality ® 
the upper and lower sides of the tendril. Ho" * 1 
■ ty i> brought about need not concern us at this ^il 
tendency to curve were strongest at the tip and dec 
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at the basal portion, the free tendril would coil in the 


r*ii of a helix and no torsions would result. 


The strength 


d :h- curving power, and of the tendril, are so proportioned 


thf the resulting spirals are all 


o .,3 


cm 


to o. 5in diameter and 


cat! rmt lie concentrically, but must form side by side. This 
ir.c.ins, of course, that torsions are set up. In the free coil¬ 
ing Undril it can revolve and relieve these torsions. In the 

, cn , n ^ stenet l at both ends, however, this is impossible and 
, T' ra ls were all in one direction the torsion would be 
(Tat enough to work serious injury. The fastened tendril 
ins to 01 m spirals either near the base or the support on 

Lninrr m. _ 


maturity. 


Ihis part coiling with its spirals all in 


. | * • ~ t v, v i I i 1 1 g t> 1111 11? ? 11 d l. j dll ill 

• n 1 j CC '^course twists the contiguous straight part of the 
it-or*.. *1 IS twistinjg continues until the induced torsion is 

’•'♦i'ted'n ^ C coil . in S ^ orce the first part, and then the 

v n ar ornis coils in the opposite direction in obedience 

rnrciAn tl . • . _ . 


‘r ) 11 S l° n ‘ P°rtion in which the two forces are 

w,11 be nearly strain ■ ■ ■■ 

r *l is acted upon similarly until it is coiled in two 

The number 


o*ht 


The remainder of the un- 



While the 


0 nr rt* ^muiaiiy UilLII IL 1 

'portions'!vin e K fj atecl b y strai § ht parts. me numDer 
-"i 1 • n>r f orr , ' . e determined by the relative value of the 

‘ ofsDit • res ‘ stan ce of the tendril. .. 

••other portion 1 * * * S - ln , an y portion may not be the same as in 
ten- in either (V ^ e sam c tendril yet the total number of 
ia - between f ast . lre ^ 10n are divariably equal. The time elaps- 

^ leads to thr ITS t0 a sl ^PP or f and the formation of spi- 

is not a direct re- 


fli 


trk fU . -rtuu 111 

conclusion that the latter 


1 • irritabilitv K rtL LUC ‘accer is not a direct re- 

( ^Vo a straiirh'r ^ ^ er a ^ unct i°n of the mature tendril. 

[ r;T1 spirals in th Gn ^ fastens to a support and afterward 
U mi1 '* tend to Kr- C between its base and the support, 

^ bis at t) le San l^-^ lese ^ vvo points nearer, unless the ten- 

s uch a 6 , ln ? C f a ^ row th in length to compensate for 

* Extendi ° Un< ^ case in Cucurbita by 

u, *tanc< betw C ^ serva fi°ns were made to determine 
• n t and tho . eCn ^ e ^ase of the tendril at the body of 

force was7 v PP ° rt Were brought 
^ the d °ing. «■■■ 

,base toward ^ te ndril drew the portion of the vine 
4s 0 n e-third it c 1 C s VPP ort a distance of 1 to 6 

S t,th% of thre tnsth - 




4 



its 


any nearer, and if so 
Repeated measurements 


cm 


or as 



grams upward were suspended from the 


•Cord 


Bce » n. 242. Oct. 18S6. 
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tips of tendrils by means of loops of soft cotton cord toe- 
termine their lifting' strength. With weights less than' 

formed lifting the weight* 


■lifting 
close 


grams many 
several centimeters, 
spirals resulted. 


spirals were 

With the increase of weight, moreopei 
Still higher only weak curves were mac 


---— —.- - j - - , 

while tendrils weighted with twenty grams were held eiuircir 
straight, and this may be safely taken as the limit of the lilt¬ 
ing power (fig. 3). These effects, however, are modifiedb\ c • 

feet of the traction of the weights on the tendril . 1 

d he results obtained by the dynamometers are doubtless 

One MP 


hook it 


an uprig 



greater value. Of these, three types were used. II 
consisted of a spiral spring of brass suspended irom a 

gilt wooden standard after the manner of the Joly grit 
ity balance. The tendril is fastened to the lower end o 
spring and the amount of tension determined by an a 
scale. The second form was the lever dynamometer w 
is in general use and needs no description here.- 

The most satisfactory results, however, were obtaine 
the use of Vochting’s dynamometer. 9 This machine is 
signed for use with a clinostat, but can be used in uc *• 

convenient 

(See plate X.) It consists essentially of two com r 

separated by a sf^ 

The long arm fc) carries the spring and theshortp®*^ 

below the p 


■ b 

ing tensions of all kinds. 

We. 

arms of metal io em and 6 cm in 


It is sim 


length, 





(s). 

er (d) and is curved back a short distanced III 

(1) and tapers uniformly throughout to the lower en 

joins the r 

This arm tapers^® 


0 >) 


> ^ a y o 

a sharpened point. The shorter arm 
arm by an ordinary hinge joint. * 

lower end, terminating in a small hook (e), and ^- arl1 

... . *» . . . -TUp sea 


arc scale (f) which slides under the pointer 
marked into fitteen divisions so arranged 


TheH 
that a P 


ale 


ill 




T* 


.*vv» “'tv in i. y y n uiviaiuua ow a» * , / 

the hook (e) will be indicated in grams by the p 0,n J" .g. 


The o 


spring (sj is made of gold for greater reliability^ 
ened to the long arm by two small screws, 
slides freely along the shorter arm as the pressure v 

- J* ° ^- 

the plate the machine is shown 


the r 


varies 


t 


c* 

It 
* 


registering 


a tensu 111 



oi a tendril of Bassijiora Ffordti. , . c0 tc- 

The plant at the base of the tendril is attache. ^ > 
an iron post (n) driven firmly in a board. The ° n ^ t j on t 
the dynamometer is driven into the board in such „ 


. 638-^43- 1' 89 




7 W. Pfeffer: Ber.Verhandl. K. Sachs. Gesell. Wiss. v. w 
•F'feffer: Die periodischen Bewegungen der Blattorgane, 1 /!>• 
d Berichte der. deutchen bot. Gesellschaft, vi. 279. (iSSS). 
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the straight tendril will pass the curved portion without touch¬ 
ing, and catch the hooked end of the short arm with its curved 
Any tension set up is indicated directly on the scale. 


tip. 


I he tendrils tested with this type of dynamometer exhibited 
tensions of 3 to io*" 1 . 

The function of the tendril is doubtless to pull the growing 
s kh it up toward the light and fix it to a support. It occupies 
1 supra-axillary position and the internodes are from 3 to io cm 

■ n < 'igt . The work of each tendril as it in succession comes 
maturity is to lift its internode and the undeveloped inter- 


it was found that 


••odes of the growing shoot. On testing 
, 1 ? 0r * lon the plant never reached a weight of i sm , 

e amount to be lifted by two adjoining tendrils rarely 


e *ceeds 1.5*”. 


Thus it will be seen that each tendril is 


A v >v ill L/| 

Vision ikfa w ork °f many. The value of this pro- 

arcr P ' Vl | en k ‘ S kn ° Wn that n0t . a " ° f the ten ‘ 

incanaklf. n t ach supports, others are injured or rendered 

tbit the firm* raS ,P lr ^ by the force of the winds, and 

fbcnrfnn u neSS W ! th w hich a plant is held has a direct in- 


!!! C€ on growth. 

^coding °f the attached 

r tissues 


tendrils and the subsequent 


^gthening 0 f thei 

a,ns Without iniurv T™ 

fro:n its sunnort« it * C 1 he ^°/ ce required to tear a plant 
**'• the tendril s ^ ra ^hten the coils and then rup- 

o measurements were made of the tensile 
was ound that normally coiled and mature 


give them the elasticity of 
to withstand severe shocks and 

a 


„ 'he tendril. 

but it 

re quired 


tendril 


^ feet of fh , orce ot 
frobabilitv of 6 P ant bod y- 

i± : y of a Vlne - firmlv an. 


“force of 350 to 750 


1n —the weight of 

—7 vi a Vi r: to breab them, so that the 

Cr h, beinjj tom t’ . rrn - a nchored by dozens of these ten- 

fastenings, is very remote. 

T ' c two specie s of P ’ -a C ^ enc ^rils and terminal internodes of 
tendrils a re „ a .^ 1 ora exam ined show circumnutation. 

peratureof 400^' UC t0 con ^ act °f solids, and liquids at a 
• lna y ^nd low an< ^ are non_sen sitive to liquids at or- 

*rect osnT™^ unless they are so applied as to 
ul ar ° u nd an r k* ac t 10n » an d to slight electrical stimuli. 
!? «“Pirals ct ‘“kes plac 




takes pi 


_ ^ ,|* ce on maturity. 


e on contact, while forma 


The formation of the 
f tendril 0np rX" 0 three to twenty grams, shorten- 

"'^tand a stv ° f its len ^ th ' a nd a mature tendril 
Pkr ^ n ° f 350 to 750^ 

x P e rinicnt _ J 3 1 , 

1 lon i La Fayette , Indiana. 
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Explanation of Plate X. | 

Figure L Passiflora Pfordti; Vochtings dynamometer attached totcsM 
b, short arm, c, long arm, d, pointer, e, hook, f, scale, l, curve of long an. \ 
spring, n, iron post. 

Figure 2. Passiflora azntlea; a, tendril carrying weight of nineteen 
slightly curved near base, b, tendril cariying weight of nine grams, spwlai 
tip, c, tendril grasping tendril b, which it has pulled from the perpenaicul* 

Figure 3. Passi flora caritlea; a, growing tip of shoot with undeveloped* 
drils, b, tendril slightly sensitive and nutating, c, tendril capable of coihnj. 
tendril nearly mature—in the period of highest activity. 
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writer might describe. 


understood. 


r> 5riie limitation of tlie term 

CONWAY MAC MILLAN. 

■ lie « 1 * < . \ fdLM mm \ .1 L ' ’’ * sr 11 

Every one who has attempted to define his teims 0 *^ 

use has probably met with the same experience that 

Words, easily definable at fi rst * 
come more and more vague as their implication is ft’ 01 ’*. 

In view of the scantiness of botaffcal tt 
ology, although it is one of the richest of scientific 
laries, there is great need that the import ot common 

With much avoid the 

over-, or under-definition. Every work that appears pt • 
some new and generally barbarous verbal technica 
tend rather to cloud than to clarify perception, F° r 1 
in that most excellent little compendium on the cr )P 1 ^ 
plants, lately published from Bennett and ^ urr,l '’, vf b 
grieved to find that the word “sperm," properly emp ■■ 

diverted to a 

r ^ 


should be examined 


plant, as in animal, biology, is uivci ‘• v *■ r , _j^ 
necessary meaning and is taken as a synonym o * c ^ 
“fertilized egg," when it would have been much^> '■ , ^ 


unify the terminology by calling the antherozoid 0 t 
a “sperm,” and thus recognizing what it is necess* 1 

--:_r ,, . nn A the P 13 


cognize as fully as may be that the am...— — . n gsep 

alike, for the higher groups of organisms, in proi u c * j* 

__j ..t- . .,** v *? .1 mitow^ 

nomena of development, strictly analogous, 1 


f not 


the 


4 

it 


At present I wish to speak in particular abou ^ 

the word “spore” in botanical writing, and it ,s ^cjoi^ 
to offer any historical or highly exhaustive discus .y 
*’ • under the general «*? 1 

A ...demand^ tM 

kept separate. In the first place it may be no 


- J iv.«i Ul 

time, but simply to show how _ 

®re a number of ideas that clear thinking 



sho^ 






